Introduction {#Sec1}
============

Supersymmetry (SUSY) \[[@CR1]--[@CR8]\] is a possible extension of the standard model (SM) of particle physics, characterized by the presence of superpartners for SM particles. The superpartners have the same quantum numbers as their SM counterparts, except for the spin, which differs by half a unit. One appealing feature of SUSY is that the cancellation of quadratic divergences in quantum corrections to the Higgs boson mass from SM particles and their superpartners could resolve the fine tuning problem \[[@CR9]--[@CR12]\]. Another feature is that the lightest supersymmetric particle (LSP) is stable in SUSY models with *R*-parity conservation \[[@CR13]\], and could be a dark matter (DM) candidate \[[@CR14]--[@CR16]\].
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                \begin{document}$$\widetilde{\uptau }_{}^{}$$\end{document}$), is the focus of the search reported in this paper. Supersymmetric models where a light $\documentclass[12pt]{minimal}
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                \begin{document}$$\widetilde{\uptau }_{}^{}$$\end{document}$-neutralino coannihilation models that can accommodate the observed DM relic density \[[@CR17]--[@CR22]\]. The existence of a light $\documentclass[12pt]{minimal}
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                \begin{document}$${\uptau }_{}^{}$$\end{document}$ leptons in collider experiments \[[@CR23], [@CR24]\].

In this analysis, we study the simplified model \[[@CR25]--[@CR27]\] of direct $\documentclass[12pt]{minimal}
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                \begin{document}$$\widetilde{\uptau }_{}^{}$$\end{document}$ pair production shown in Fig. [1](#Fig1){ref-type="fig"}. We assume that the $\documentclass[12pt]{minimal}
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                \begin{document}$${\widetilde{\upchi }}_{1}^{0}$$\end{document}$, the lightest neutralino, which is the LSP in this model. The search is challenging because of the extremely small production cross section expected for this signal, as well as the large backgrounds. The most sensitive previous searches for direct $\documentclass[12pt]{minimal}
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                \begin{document}$$\,\text {GeV}$$\end{document}$ in some models. At the LHC, the ATLAS \[[@CR32], [@CR33]\] and CMS \[[@CR34]\] Collaborations have also performed searches for direct $\documentclass[12pt]{minimal}
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                \begin{document}$$\,\text {TeV}$$\end{document}$ collected in 2016 \[[@CR35]\]. This paper presents a significant improvement in search sensitivity, which was limited by the small signal production rates, through the incorporation of improved analysis techniques and the inclusion of the data collected in 2017. The data used correspond to a total integrated luminosity of 77.2$\documentclass[12pt]{minimal}
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                \begin{document}$${\uptau }_{}^{}$$\end{document}$ lepton decays, provides an important source of discriminating power between signal and background.

We have introduced several improvements with respect to the analysis presented in Ref. \[[@CR35]\] that are applied to both 2016 and 2017 data. We make use of dedicated machine learning techniques to enhance the search sensitivity. These include the incorporation of an improved $\documentclass[12pt]{minimal}
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                \begin{document}$$\widetilde{\uptau }_{}^{}$$\end{document}$ pair production obtained with the data collected in 2016. The improvement is less significant than expected, since it is found that the estimated signal acceptance is reduced when the fast detector simulation that was previously used to model signal events is replaced in this search with the more realistic, full [Geant4]{.smallcaps}-based detector simulation \[[@CR36]\]. Differences in the signal acceptance for the fast and more accurate full detector simulations are mainly caused by differences in the reconstructed $\documentclass[12pt]{minimal}
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We consider the superpartners of both left- and right-handed $\documentclass[12pt]{minimal}
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The CMS detector {#Sec2}
================

The central feature of the CMS apparatus is a superconducting solenoid of 6$\documentclass[12pt]{minimal}
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Event reconstruction and simulation {#Sec3}
===================================

The event reconstruction uses a particle-flow (PF) algorithm \[[@CR40]\] that combines information from the tracker, calorimeter, and muon systems to identify charged and neutral hadrons, photons, electrons, and muons in an event. The missing transverse momentum vector, $\documentclass[12pt]{minimal}
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Event selection {#Sec4}
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Beyond the trigger selection, the baseline event selection for the $\documentclass[12pt]{minimal}
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Estimation of background from Drell--Yan+jets {#Sec11}
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Estimation of other backgrounds {#Sec12}
-------------------------------

Smaller contributions are expected from other SM backgrounds, including diboson, triboson, and Higgs boson production. There are also contributions from $\documentclass[12pt]{minimal}
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Systematic uncertainties {#Sec13}
========================

The dominant uncertainties in this analysis are the statistical uncertainties resulting from limited event counts in data sidebands or in simulated event samples used to obtain background estimates and the systematic uncertainties in the estimated rates for jets to be misidentified as $\documentclass[12pt]{minimal}
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We use simulation to obtain estimates of the yields from other background contributions and to estimate the potential signal contributions. We propagate uncertainties related to the $\documentclass[12pt]{minimal}
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The categorization of events in the $\documentclass[12pt]{minimal}
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The uncertainty in the integrated luminosity is taken into account in all background estimates for which we do not extract normalization scale factors in dedicated data CRs, as well as for signal estimates. This uncertainty corresponds to 2.5% \[[@CR72]\] and 2.3% \[[@CR73]\] for the 2016 and 2017 data, respectively. With the exception of statistical uncertainties, most other uncertainties are of similar size between the 2016 and 2017 analyses. The main systematic uncertainties for signal and background are summarized in Table [2](#Tab2){ref-type="table"}.

In general, we treat all statistical uncertainties as uncorrelated. In addition, all systematic uncertainties arising from statistical limitations in the 2016 and 2017 data are assumed to be uncorrelated while systematic uncertainties from similar sources are treated as correlated or partially correlated across the various background and signal predictions. For the combination of the $\documentclass[12pt]{minimal}
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Results and interpretation {#Sec14}
==========================

The results of the search in the $\documentclass[12pt]{minimal}
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